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ABSTRACT: The decrease of airblast peak pressure with
distance along the water surface has been studied for
shallow underwater explosions. The slopes of the pressure-
distance curves for the region observed (45 to 200 charge
radii) are much lower than those from a charge in the air.
Cube root scaling of the pressure ajplies for a weight
range of 20 to 4200 lbs.

U. S. NAVAL ORDNANCE LABORATORY
WR-ITE OAK, MARYLAND

i
CONFIDENTIAL

SECURITY INFORMATION



CONFIDENTIAL

NAVOHD Report 2571 1 August 2.952

This report presents the results of alrblast measurerments
made on chhraeg fired in a study of the bass_ suirae undisr
Task NOL-152. Because this progrsm waS nOt set up primarily
as an airblast study, the range of conditions is not so
great as might be desired for some purposes. However, it
-, alee ,;aL bL# u.1aw'a 'atosveiz here -*I"± v une-ua. iii
zertain weapon evaluation -;tudies. The reaort is intended
for information only. Any opinions expressed herein are
those of the author.
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iNP..-. ,tAk PRE-S•,& ALONG' TlE WATIFJi SURFACE.
VRiOM - d IiN{A-YWLA, 1 rP I.'n .YPT.f--T•?.q

-LTTCODUCTION

Thmrc in very little tnformatton ab.e Lin the
irbilast frnm undtewater explosions. in order to predictthe effots nf iarge underwater e'yloaions on moored ships,

harbor ffacili"tis, airplanes and othe-d bbruutures, data on
altlast effEC- Ur-•d rVarioua ... rnditi.n. are necessary.
Aathongn the results reported here cover only a very itteC
range of conditions, it is believed that the data will
pr~ovide a sournd basis tor extrapolations. Only peak pressures
were measured; it wa- not possible to record a complete
orcssure-time history of the blast wave.

The shock velocity method [a]* of determining at. blast
peak pressutres was used. The velocity of sound In air and
the component of wind velocity along the gauge line were
obtairnsd for each shot by firtng two detonators Just prior
to the main charge. Measurements were made on the &;uivalents t
of 20, 101, 600 and 4200-lb TNT charges.

EXPERIMENTAL ARANGEMENTS

Tnstrumentation and Rig. Nine tourmaline ntezoelectrin_ vaugs

rangingt from 3/4 in.fto 2 in. diameter, were used as pickups
for the alrblast shockwaves. The gauges were mounted in one
lin, .ith. the carge .n. were arientaa Cne ,,.oca.,ae

fQr fast response. Figure 1 is a sketch of the experimental
arrangement. The ilstances tet!?een gauges shown are nominal;
exact distances between the ga,,swe.re measured before each
shot. Distances between gauges were accurate to within
1/16 in. The jauges were mounted 4 in. above the wa'Ler -ývfacie
except on about half of the 600 and 4200-lb tests on wh .;.i
gauga positions 2, 4, 6 ad S wzr• aouzited 15 in. above the
water surfsce.

The floating rtg (Figures 2A .B) used t ........ the
gauges cons5itC-d ,of two tl•t•iphone poles 40 ft %ong, with, uuoyany Mnni I dii' *" "Aw
securely anchored in the deci•ed position for each shot. The
distance from the charge to the rig was varied from shot to
shot to obtain a larger pressure range.

-Such letters refer to the lit of reference, at the end of
this report.

1
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',me 2lgnaim were iea tnz'ougn 6u to i-UU-*t .Lenw.11r, ,)
R4! 3 "?gnaelfree"l cable to a Juncticn box (Figxares 20!,D)

a--r the nine cables were ecnne'te. -;.n pjraLIel te one
503-ft length of RGf41J cable. Thisi in turn, was connected
to • field preamplifier (FiPgmre 3Q) and then thru an

UUU ],J1J.& ,GU-t LZ7:6 i riLrtkU-.v Q4 ULJ.Lt t U ax 64±11 C-Alet X

The oscilloscope trace, along with simultaneous timing marks,
was recorded on a >-ft -trip of film on a rotating drum
carera. The timiing source consintad or the airMsi trout a

r~-amte nntrnliar' iuultlvlhrstn-r [-hi whiph wian i nto nk
secord voscilloscope.

Beam brIghtening, bti• displacement. and the fir±ng o:1
the two detonators and the main -h.arge were synchronized by
contacts on thýs shaft of the rotating drum camera which
act"ated the relay machine and beam brightener circuit
(Figures 4A,B and 5). The contacts were offset so the

ucceed--•ng :tagesof the. -aI ayimachine were act,.-uted
approximately one revolution apart. The camera speed was
varied from anproximately 600 rpm to 200 rpm, depending
upon the expected times of arrival of the shockwaves at
the rig. Thus, the time intervals between the firing of
the two detonators and between the second detonator and
the charge ranged from approxtmately 100 to 300 milliseconds.

The firIng nirn1t (ig.ure 3B) was isolated from ground
at the instrument end to eliminate, as nearly as p 3sible,
groundloops between the gauge cable and the firing lines.

unharges. Seven demolition blocks of cast tetrytul plus
}Ifi a block of Composition C-3 were considered to be
equivalent to twenty pounds of TNT. The bclocks were stacked
in two layers, with these dimensions: 4 in. high, 8 in. wide,
and 11 in. long, Each charge was orionted with the 8 x 11 in.
surfaces honizonta- 1 and the 4 x 11 in. surfaces perpendicular
to the gauge line.

Two 50-lb cast TNT Mk 14 demolition blocks and half
a block of Co-position Cý-3 were used for the 101-1b charges.
Thnee char.es were eubes- each side being abo "A 13 in. long.
witn the Compc-ition u-j placed on top. tny were oriented
with a face perpendicular to the gauge line.

For the larger weightc-, Mk 7 TNT-lo•aded depth charges
were used, singly for the 600-lb and in groups of seven for
the 4200-lb charges; all charges ware place- 'iprigrnt. In
the 4200-lb. c..re, iAX of the cyllndrical Mk 7 depth charges
were syrietrically spaced around the seventh, at which
detonation was initiated, Approximately 4 lbs of Composition

2
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C-3 4as used to booster tIe 600 and 420)-1b charges.

to the center- of the charge In ft

The experiments were perrormea in shallow :.aewith
the charge set at the desired depAh. The 20 and r01-lb
charges were tled to stakes; the 600 and 4200-1b charges
were placed on wood platform at t•he proper depth. In some
cases the charges rested on the river bottom. On some shota
the bottom of the char e was level with the water surface
('su.-face level'? shotsT

The charge depth, water depth and Ac are lsted in
Tables I through tV aoen with the peak pressures obtained
for each shot.

RESULTS

Peak pressures were obtained finom the shock front
velocity measurements using the Rankine-Hugoniot equation

relating peak pressure to shockwave velocity:

-1--, *-. +( u

where Pt is the peak pressure in excess of
were pn ospheric pressure

Pas is the atmospheric pressure ahead of
the shock

uis ahe velocity of the shock front In

still air

C is tht velocity of sound in still air

l is 1.n0 (ratio of specific sewts for, aere

CONFIDENTIAL
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-inock !front v•F-ttw-: t lyan nuAr;t Viu't- - t1,, wc1.; Ac . ,

from measurement il-miae ICC cthey ont he mm recI.iI with a
micro compafrator•.

Fi-ures b 'hroug J 35 give peak p-ressure as a func/ton
at- reduced dlstanoe, ', i for varl n': nfarge -)s' ti ons fo,-

• - • _ J 1u CI i - '

'Air ~Zl. OIIj iL± - UiwiitB

Wlhe' R - rZn -=- A" nttn-_ to the center oC the

W charge weight in 1L-.

in each figure, each OyUUO± rcpreventO n ;c Ibot nan e..ah
point is a single observation. A smooth curve was drawn
by eye for each charge depth. As a standard for comparison,
the pressure-)' line obtained from the aurftce level shots
for the same charge weight is given on each figure.

The siopea of the pressure-. curves from the under-

water shots are Eignificantly different from those of the
surface level shots at the depths measured*. The crossover
observed for some of the shallow shots is believed to be
real. For the range of water depths covered, there is no
indicaticn that the proximity of the river bottom affected
the magnitude of the peak pressure along the water surface.

The results from the 600 end 4a0.-.. c ha re a-re shown
in Figures 16 through 19. There was no significant dirrerence
in peak pressure between the gauges at 4 in. and 15 in. above
the water surface at the distances measured.

For scaling purposes, curves for peak pressure as a
function of reducc' Xharge depth. Xc, are plotted in Figure
20 for reduced dtstancee., A, of 10 and 20. The points shown
were taken from the lines drawn through the data or the
pressure-)N plots. It is seen that air blast peak pressures
along the wa"-tr surface scale simply with the cube root of
the charge weiaht,

- - As-.- 9*- -S~ 1~ S . ..A.

were Lae Slpeib IL iz3 -uLstiait forUall depth.,CL10 IU

'e possible to obtain a reasonable aver'age value of "equivalent
wetght ratio" Fd] for the underwater shots relative to the
surface level shots. However; it is clear, from Figs. 6 - 19
that such a weight ratio would refer to only one pressure. As
an example, from Figure 8 the equivalent weight ratio would
"vary from about 0.3 at 14 psi to about 2.1 at 2 psi. Thus,
equivalent charge weights appear to be meaningless in the
region studied,

•~~~~~i •, T-- T 'V T •qM 7 T kCONFIDENTI)AJL 6LA
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Thcirn -ey, f4ew qit Rv~4 1 Al-i f- ',fh whlr tn opre
the-3e "esult2 o T. slop:e ,of thep pressu-re- curve for-, the
>?-0 ard101-1b -3tafact- level chairges is Jo fal>- 4greem-erilt
ritn ulaz ent-ined :'roin 5- hrir -hkr~getA fired above
ti- grar1i[e nwpvet r - peln pefltn'1. 1 nh~argelsmF

[]fired above and Just- in water give quite cdifferen t
pressure-, curves from those ru~ported here,

It is in-,eresting to note that peak pressurý.2 from some
unaizrground explosions [gJ at)A% - 10 decreased wItoh increased
char-ge depth Cat ab-out the samne ratle a-s the data reporte-ad
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TABLE I

Ptea Prem.ar•s froa 20-Pound chargea

D, epth t"p Pa•--•t-r 0augoa at 4 Inches Height

(n) (ft/lba"'¾1 (taJ 
127

111- I 1t O 0 An C 17 17

Su.rfa 0 4 (ft) 19.5 23.0 27.0 31.5 36.5 --- 49.5Iwvl P(pei) 24.3 14.6 9. 5 F)7 4.51 2.23

surface. Y..0 R(ft) 21.5 ,24.5 c. 0 )365 k.> 47.5 54.S5
ikvel P(pei) !6.1 12.0 76 4L :67 '2. 5 2.23'

Sur face*5. R(ft) 41L15 44s.5 48.0 52.0 56.5 61.5 f57.

Level P(p-) 4.07 3.30 2.82 2.911 z.2o 2.o 06 i 1..1*1

su~rf ace.* 4.0 R(Ct) 51.5 54= 5 58.0 62.0 665 71.5 77.5 a%-.5
LA vel P'p'i) 2,52 213 1.72 1.1b 1.05 1.01 1 01 .76

0.0 0.0 18.0 R(ft) 41.5 44j.5 4.8.0 52.0 56,5 61.5 67.5 74. 5
P(pi) 3.22 3.63 2.45 2.36 1.61 2.00 2.04 1.47

0,0 0.0 18.0 R(ft) 17.0 20.0 23.5 27.5 32.0 37.0 13.0 50.0
P(pui) 24.5 1.5.9 9.39 9.43 4.82 4.59 3.07 2.59

2.0 o0o. (D 3.0 ,(ft,) 2,.2. 29.2 32.7 36.7 Ll.2 ý25.2 59.2
P(pi) £S.. 8.30 6.391 S29 3.83 4.37 3.09 2.56

2.0 o.o61h.0 R(ft) 16.- 19.5 23.0 27.0 31.5 65 42.5 49.5I P(psi) 13.0 12.1 8.L51 8.79 4. 51 5.57 5.09 A.32

2, o 0,061 4.0 R(rt) 1.6.5 4.9.5 53.0 $7.0 61.5 66.5 72.5 79.5
P(pai) 4.19 3.93 3.1I 3.14 2.28 2.31 2.05 1.72

2.0 o.l061 4.0 R(rt) 41.5 44.5 .0 5.0 56.5 61.5 67.5 774.5
IF(PAi) 4.071 4.21 . 45 3.3 2.56 2.56 2. Z7 1.91

5. .18 13.01 R(ft) 20. 0 123. 0 26. 5 130 5 35.0 4,0.0 46,0 53.0
I Ppei) b, 02 5.9 4,49~ 4'37 3.23 3.13 2.63 2.30

3,5 ,,1 215.0 R(ft) 1.5 4L,.5 48.0 52.0 56.5 61.5 67.5 74.5
P(pai) 2.83. 2.5L 1.91i 1.88 1.55 1.52 1.33 0.98

5. 0168 2 . Rft% 26.5 29'5 33. 0 t37. 0 41.5 146 5 2559.1 4..,7.ý .6.P(.5 0) .. 5- 3.97j 3.361 3.40 2.64 2:615 2:21 1.66I I j
55 3168 '2. hf t )1L6. 19.5 23.0U 27.0) 1.5 j$6.5 j42,5 19*

- - _________ P(g!i ) j7.521 o.361 5.09 5.091 3.-781 3.6512.8 [ 2.31

* tottcw of ch~arge level w.it nie:i surface.
~.~rn ~pth.'*r= center of chare týo bw-t'-r Surfa~c.

26
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"TA'LE I (Con't, )

Pe Preasures frm 20-PoUwd Charges

Cn~arge* c Wa t, r

kpth D tepth Parwa .rI Gatge. at. 4 Inckns Height

(i (ft/lb81' i)_(in)

7.0 0.21t4 30-01 ~t 41.5 Q5 48.0J 5-.0 56.5 61.5 '167. 74.5
•.o ~ ~ ~ ~ 27 2. .o < .• W j..8.o 0 . . 12o.•,.

.1.77 l.1 1.371 1.2 0.91

7,0' 0.21L !8.0 R(rt) 16.5 19.5 23.0 77. 0 31.~ 36. 5 1 L2. 5 149.5
p(psi) L 83 ..321 3,57 3.23ý 2.47; 2.2Lt 1.921 1.53

7.0 0.214 1$.0 R(ft) 4.6.5 49.5 53.0 $7.0 61. 5866.5 172.5 '79.5
P(p) .93 1.96 1.76 L.3 1.281 1.31 .1 o1. 1.01

7.0 ol . 15. 0 it) 4.5 1 5 o 0 56.5I1.5 167.5 '74.5
Pipsi) 2.66 2.6 2. 1.89

7.0 0.214 18.0 R(ft.) 16.5 19.'. 23.0 27.0 31. 5 136.5 •i2.5 ý9.5P(psi) 4.99 3.95I.., 3.2 b71 2o12..4:2 0 1.5o

7.0 o.214 18.o Ft(f ) 1651.5 23.0 27.0 31.5 136.5 '2.5 49.5

P(Fi) 5.11 5.31 4.59 3.-L2 2.461 2.23: 2.05 1,.58

"7.0 0.214 9.0 R(ft) 17.5 20.15 224.0 28.0 32.5 39.5 143.5 50.5
P(pei) 5.201 3.26 • 3:26 2.50; 2.28 1.92 1.63

7.0 0.21ih 9.0 R(ft) hk.5 1h7.5 51.0 55.0 59.5 65.5 70.5 77.5
P(pli) 1.80 2.12 1.76, 1.6 1, 26 1. 28 128 1.08

9.0 0.275 18.0 R(ft) 22.8 25.8 29.3 3 3.•3• 37.8 .'?.8R ),. s 8p(p,!) 4,. w 3. 5 l 41 .• -- ' G .7.33 1 . 4"I•'

9.0 I 0.275 18,0 h(f t) 25.5 n~.5 341.0 L40,5 4.5.5 51. 5 158.5
P(p31) 2.721 2.60 1.79 1.I6 1 .28 1. l.'04

9.0 0.275 18. R(ft) 41.5 44.5 48.0 52. 0 15. 5  61.5 ;i6.5 7L,.5
P(pus) 1.90 1.511 1.29 1.:181o. 0.87! 0.8,41 0.58

9.0 0.275 18., R(rt) 17.5 20.5 2L,0 28.0 39.5 L.5 50.5
F'(psi) 4.j21 3.761 2,85 2 .9 7 1 1.97: 1.911 1.551 1.15

11.5 0.353 13,5 R(ft) 16.5 9.5 !23.o 27.0 :,-15 '36 .5 :L2.5 49.5
P(pi) 3.00 ?.37! 1,87 1,751 1.32 0.8b o.78 o.62

16 0 0. 00 18.01 R(ft) !6.5 19.5 j?3.0 27".0 '36.5 3• 2.95
I I ~~ ~~1 L. 18 1i . 22ý 0,75: .c .

16.r_, c rio 0 15,0 R(ft) 27.3 3 10.8 3L8 39 3 -4L,3 50.3 57.3
P(psi) 11.J31 0.83 0711 o,614 0,7 o, 0.37ý 30o

^ , hrge epth - frcem enter of :barge to w•atr 3urface.
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?ABIJ Ii

Peak Penumou m lOr 101-Paomd fuArlse

Cdhurge-, e Wat-rt
Del-I Depth Pa~teai1 esa Vc Hih

3.im 1-- 1~t g 95 5. 70 6. 65 7?*1777.
L.eve 2H(f 0. • I 47.2 6." .. 591 L2b J.t2I 2..54.

p~pi 18 13 i

skre ma 04.0 i(f) 0 L.- 5 .5 48.0 52.0 56.5 61l5 67.5 74W5
Leel P(pCi) .o C, 13.7 9.1: 7.72: 6.721 5.0 3.98 3.33

0.5 0.009 .2.0 H~rt) L ! 5 U. 5 i46.0 52.0 56.5 6. 75 7.
p1ai 16 11.9 ý .2 6.26 5:19 5. OL 1 3.92 3.76

0.5 0.009 7, R (fl) C;.! 5 66.5 710.0 74.0 7 8. 5 83.5 1 89.5 9.'= •.5 0,0 7.,
I (..4) 02 4ý.7 Lt 7 391 J. 3. 3.321 2.67) 2.7 2

3.5 0. O3 10.0 a(rt) 5:! 5 54.5 58 ,06.0 16. .5 7 L
5p(i) !,S 6,50 5.091 5.28' 4.09 h.2a 3.,3 3.43

6.5 o.ii6 31.0 (ft) 12>! 5 a.5.5 .. 123.0 1.27.51 (pi) 9o 1. 5.0! I .68 1 .65 1.22

6,5 0.116 13.0 (et) , . ,5 i5.0 57.0 61.5 66.5 7 . .5
:,a 6: 6.37 •2 5.09 LV b1 1 3.555 3.17

8.5 0.152 15.0 R(ft) L-0 5 445 [.8.0 52.0 56.5 61.5 67.5 74.5
P(35e) L>! 6-.145 5 L'h. 3. 5, Lt 36.49 3,13

8.5 0.152 15.0 R(ft) 71.0 C 77.0 1.5 86.5 92.5 57. 5
P(p1) !J It 3.26 2.560 2.7, 3 2.L2 1 2.225

0560. W 1.0 Rt(ft) 6 5 74.5 78. 8 83. 3 56 . 2 1.5 967.5171.5

pe 'Ai) 2'. 13.07 2431 3.97 347 2.0 2.83 2.50

: 18 2.50

9,0 0. i6o 30.0 R(tt, 1 62 1 71,4 74.6 78,8 'j8-.3188.2 ••. .].

9.160 3.0 R((t) 1•.605 :12.5 :16.0 120,0 12L 5 12 !5•.5 5
?(pi) :a8 '65 1il 1.44. . 115 1. 0 1.0'j

se Chrge Depth - from :enter of charge &c star wrafact.
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14-BTI i. i (,*on't,,.

Peak Fresaures from 131-Pound Charges

Do P -!. Heig.inýJ,. IF,/ lo k4-4i=''e

0 .16o0 30.0 R(ft) 41, 3 .5 0 7 52:0 56.5 ol.5 675 74.5
L9 ), 3; 3 3.3 03 2.83

9.0 0.160 )0.0 K(ft) I'.5 LU.5 68-0 52.0 6.5 61.5 67. 74.5
FPpai) I-ý8 2  L.62 3.68 3.75 3. 09 3. 1% 2:651 2. 24

12.0 o. 215 30.0 R(ft l6.5 Lr9.5 53.0 ~57.0 61.5 66.5 72.5 179.5
P(ps.) L.43 3.77? 3.43 3.31 2.38 2.7'61 2.341 2.05

t$. Q. 28 -44 1.0 R(ft)) 67.5 70.5 7L. 0 78,0 82.59 87.5 93.5 100,5
I P(psi) 2.ij5 2.10 2.01 1.91. 1.4j 1.69 1.49 1.66

15.0 0.268 [30.0 a(rt) 66.5 69,5 73.0 177.0 81.5 I86.5 92.5 5119.5
F(ps.) 2.75 2.65 2: 3L4 2.28' 1. 75 2.10' 1.67 1.75

15.0o 0.26m 30.5 W~ft) U1.S 4L.5 48.0 52-0 50t.5 61.5 167.5 74.5
rl'pst) 3.55 3.4 'l 2.75' 2.831 2.09) 2.05J 2.171 1.85

15.0 0.268 31.0 weft) L1.5 5a 48.o 52,o.0 I 151675ý7.
P(puil) L.46 Is 27 3.55 3.36 526. I 2.80' 2. 4L! 232

15. 0.?m o. R~t) 1.5 L4. 480 5.0 56.5 i 61.5 67.5 74.5
P(psi) 4.0 W 3.73 3.13 3.20 2,1s3 2.82 2,301 2.24

15,0 0. 2m 29.5 R(f t) 41.5 4ds.5 48.0 52.0 56.5 6 1.5 67.5
P(pui 4.65 3. 96 3.2 3.21 2.70 2.51~ 2.8 1.93

23.5 0.420 3U.0 R~tt) 41-.5 4L.5 48.0 '52.0 56,5 61.5 67.5 7%.5
I P(pui) 3.23 2.9ý7 2.56 2. Ll. 2.01r 1.98 1.81. 1,.65

22'-. 5 0.20 13010 R'%t) ' 2.5 16.5 190 53.0 57.5 62.5 68.5 75.5
I F(pulQ 2.,-, 1.96 .8 1. 88 1.26 1.331 1.331 1.16

23. 0.20 0.0 R~f) 6.5 9,5 73-0 ~77 0 81.5 86,5 92,5 19
- .1 Wr' 1:12 0.b O9581 .0: -M Oz69] 0 55 0.651 0,62

n QArge Depth -fros center of charge to nter- surface,
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TABLE III

Peak "reaeurs trom 60C-Pod c2iarguo

Charg watr
Depth b I'/ , PptJ Parinmoter Gates at I Inches Meight ye tt 15

(in)_ (fn t____ W w_ __

n l fl R(ft) 73.0 80.0 69.0 101.0 76.5 84•.5 9 95.0
? (psi) 8.09 6.791 5.66 L.92 7.29 6ý 27 5.30

1-4 G.1140 27 R(ft.) -- 80.0 85.0 101.0 76.5 84.5 95.0
P(pui) -- 5.73 ks.97 ks.36 O.2I. 5-2j46 624 0.237 51 R(ft) 153.0 t.60o 169.o CO11.o 0 ý%6o5 l64.5 1175.0

21 1 P(psi) t2. Z! 169 4 1.6, 1.6 2.1i1 .5 1.66

24 0.258 52 R(ft) 76.o 9o 82:541 86.I IP(rsi) 3.15 3.60 2.:8 3.29
R(•t) 91.0 96.0 1O0.0 1109.0
p(pi) 2.80 2.70 2541 2.44s

28 j 0.276 4s? R(tt) 153.0 160. C. :69. 0 151.O 1156.5S 164.5 17. 0
r s AI.' W., Aa-. 6# - -

29 0,286 56 R(ft) 113.0 L10.0 129.0 W. 0u6.5 121.5 1.6.0

R ( ft) 1.91 1 , 89 1 .62 1. 32 1. 94 1.69 1.51

P(pai) 3�3. 3 ,43 2.98 2 .72

I Rift) 86.5 91.5 97.5 lOLS 5

$8 M~ft) n.5.5 78.0 82.0
P(pai) 1.47 1i3 1.27 1.6I R(6t) '91.5 97.5 ic*.S, j

__ _.•_Ps(pi) 1:34 1.13 1.07j 1.00i

* Charge Depth - ftroam t•ntr oi cbarge to surface
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TABLE IV

Peak Praigusiis from 42OU-potm't Craa-g.s

~t~~x atr 2~At 1, Tnr-haeNia t Gaias 1
v i. I ,

(+-) tI!+:+. +I ,- -SI

9 0.046 i f Rt 3030 13,o .0 319.0 331.0 . 573.5 11,.s . -
I / P..4,", ' •2 2.61 2.58 3,o06 2.92 2-.80

13 Cý067 ;i~t) 133.0 1ko o 113.0o 161. 0 1136.5 14ds.5 155. 0
75I r" ) 7.,.8 7.30 6.814 6.06 7.66' 7.04 6.36

s 9.161 4 Ri 1314.5 138.5 1 42.0 1L6. j
p( ) J 3.61 4S3 .l is .061 I
R(fto) O150 5 I155.5 .161.5 168.5

P7pC s. 21I 5 3.6143.?'.t52 I
39 0.2o2, j '. Rkft) '301? 0 1 0.0 Yi...o 331,.0 1 3-6.5 3114.5 325.0

1. 0.01 52 11 l:0 r ,S3 1.80 1.9cj 1.90o
5R(rA" -135.5 1I.' 430 101. 0

(Pg 3. 25 3. 'ý41; 1. 15 3.38
R t? ! 15 : 156.5 162.5 1b-9:5

k..>, . , _ ,,i S
P(pui)j 2.99 3. 197 2.57 ..

39 r,. 20! 52 kft) 1" 1 1143. 0 147.0
F()id 3.29 3a5e 3.44. 3. 86

gf) 151.5 i.5Ct 1,5 62. 5 169.5
3(;30) 3.09 3,14.1 3.1A 3.22

I4 0.247 R j (ft) 153.0 160.0 169.o i11.0o 156.5 1614.5 175.0
P(pC) 2.29! 2.731 2.321 2.32 2.44 2.48 2.36

o1 .263 103 it(,ft) 303.0 310.0 319. 0 331. 0 306.5 3"i. 5 325.0

P(pui) 1.28 1.15 1.04 0.97 1.31 1.14 1.1_1

56 0.289 102 a(ft) 118.0 1o2,o 126.ý, 1A i
IP(oi) 4.92 4.57 7 .6. ;,,24 3,95
R(ft) 137.5 144.5

_____ ____ ____ paI) 36141 3.351_ _ _ _ _

CwLarge Depth - fron center of charge to surf'ace
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